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1. PURPOSE. T h i s  a d v i s o r y  c i r c u l a r  (AC) p r o v i d e s  i n f o r m a t i o n  and gu idance 
c o n c e r n i n g  an a c c e p t a b l e  means, b u t  n o t  t h e  o n l y  means, o f  showing comp l i ance  
w i t h  P a r t  23 o f  t h e  Federa l  A v i a t i o n  R e g u l a t i o n s  (FAR), a p p l i c a b l e  t o  approva l  
p rocedures  and i n s t a l l a t i o n  o f  t u r b o c h a r g e r s  i n  sma l l  a i r p l a n e s .  Acco rd ing l y ,  
t h i s  m a t e r i a l  i s  n e i t h e r  mandatory no r  r e g u l a t o r y  i n  n a t u r e  and does n o t  
c o n s t i t u t e  a  r e g u l a t i o n .  

2. RELATED FAR SECTIONS. S e c t i o n  23.909 and a p p l i c a b l e  s e c t i o n s  o f  P a r t  33 
o f  t h e  FAR ( P a r t  3 o f  t h e  C i v i l  A i r  R e g u l a t i o n s  (CAR) does n o t  have a  
c o r r e s p o n d i n g  r e q u i r e m e n t ) .  

3. BACKGROUND. 

a. Exhaust  gas -d r i ven  t u r b o c h a r g e r s  a r e  a v a i l a b l e  f o r  use w i t h  
r e c i p r o c a t i n g  eng ines  t o :  

( 1 )  I nc rease  t a k e o f f  and maximum c o n t i n u o u s  power a v a i l a b l e  a t  sea 
l e v e l  and a l t i t u d e  ( tu rbosupercha rged  - boos ted ) .  

( 2 )  M a i n t a i n  maximum c o n t i n u o u s  o r  c r u i s e  powers above sea l e v e l  
a l t i t u d e  ( t u r b o n o r m a l i z e d ) .  

( 3 )  P r o v i d e  a  source  o f  a i r  t o  p r e s s u r i z e  t h e  cab in .  

NOTE: The word t u r b o c h a r g e r  w i l l  be used t h r o u g h o u t  t h i s  AC t o  i n c l u d e  b o t h  
tu rbosupercha rged  boosted and t u r b o n o r m a l i z e d  eng ines .  

b. S e c t i o n  23.909 c o n t a i n s  requ i remen ts  f o r  app rova l  o f  t u r b o c h a r g e r s  on 
sma l l  a i r p l a n e s .  T h i s  r e g u l a t i o n  r e f e r s  t o  des ign  s tanda rds  r e q u i r e d  i n  
P a r t  33 o f  t h e  FAR. P a r t  3  o f  t h e  CAR does n o t  s p e c i f i c a l l y  c o v e r  t h e  
app rova l  requ i remen ts  f o r  t h e  i n s t a l l a t i o n  o f  a  t u rbocha rged  eng ine  i n  an 
a i r p l a n e .  
. . 

c.  The a p p l i c a n t  i s  expected t o  s ~ b s t a n t i a t e ,  t h rough  s u i t a b l e  
e n g i n e e r i n g  i n v e s t i g a t i o n s  and/or  t e s t s ,  t h a t  t h e  tu rbocha rged  e n g i n e  
i n s t a l l a t i o n  comp l i es  w i t h  t h e  a p p l i c a b l e  a i r w o r t h i n e s s  r e q u i r e m e n t  f o r  t h e  
a i r p l a n e  i n  which t h e  i n s t a l l a t i o n  i s  made. The t u r b o c h a r g e r  s h o u l d  be 
approved as p a r t  o f  t h e  engine;  however, t h e  eng ine  t u r b o c h a r g e r  may be 
approved under t h e  p r o v i s i o n s  o f  5 23.909(a) .  The t u r b o c h a r g e r  app rova l  o f  
t h e  eng ine  i n s t a l l a t i o n  i s  i n c l u d e d  i n  t h e  p r o v i s i o n s  o f  5 23.909(b)  and ( c ) .  



4 .  DEFINITIONS. The f o l l o w i n g  d e f i n i t i o n s  a p p l y  t o  t h i s  AC: 

a. Turbocharger  - Any exhaust  gas -d r i ven  d e v i c e  t h a t  i s  added t o  o r  p a r t  o f  a  
r e c i p r o c a t i n g  eng ine.  T h i s  d e f i n i t i o n  a p p l i e s  t o :  

( 1 )  Engines t u r b o n o r m a l i z e d  h a v i n g  a  t u r b o c h a r g e r  t h a t  m a i n t a  
a p p r o x i m a t e l y  sea l e v e l  m a n i f o l d  p r e s s u r e  t o  a  c r i t i c a l  a l t i t u d e .  

i n s  

( 2 )  Engines tu rbosupercharged h a v i n g  a  t u r b o c h a r g e r  t h a t  p r o v  
m a n i f o l d  p r e s s u r e  g r e a t e r  t h a n  n o r m a l l y  a s p i r a t e d  sea l e v e l  c o n d i t i o n s  
m a i n t a i n s  t h i s  p r e s s u r e  t o  a  c r i t i c a l  a l t i t u d e .  

i d e s  a  
and 

( 3 )  P r e s s u r i z a t i o n  systems u t i l i z i n g  a i r  p r o v i d e d  by a  tu rbocha rge r .  

b. Eng ine supercharged - Any eng ine  h a v i n g  a  mechanical  a i r c h a r g i n g  d e v i c e  
(compressor )  t h a t  p r o v i d e s  a  m a n i f o l d  p r e s s u r e  equal  o r  g r e a t e r  t han  f o r  n o r m a l l y  
a s p i r a t e d  sea l e v e l  c o n d i t i o n s  and m a i n t a i n s  t h i s  m a n i f o i d  p r e s s u r e  t o  a  c r i t i c a l  
a l t i t u d e .  

c .  I n t e r c o o l e r  - Any d e v i c e  i n s t a l l e d  i n  t h e  eng ine  i n d u c t i o n  a i r  system a t  
t h e  e x i t  o f  t u r b o c h a r g e r  o r  supercharger  compressor i n tended  t o  reduce  t h e  
tempera tu re  o f  a i r  compressed by t h e  t u r b o c h a r g e r .  

5 .  DISCUSSION. 

a. The a d d i t i o n  o f  a  t u r b o c h a r g e r  t o  an e n g i n e  may be expected t o  have v a r i e d  
e f f e c t s  on  t h e  r e l i a b i l i t y  and power o u t p u t  o f  t h e  eng ine.  I t  shou ld  f i r s t  be 
e s t a b l i s h e d  t h a t  t h e  eng ine  w i l l  t o l e r a t e  b e i n g  tu rbocharged.  Q u a l i f i c a t i o n s  o f  
t h e  proposed t u r b o c h a r g e r  shou ld  a l s o  be e s t a b l i s h e d .  The increased c o m p l e x i t y  o f  
t h e  c o m b i n a t i o n  n e c e s s i t a t e s  a  thorough i n v e s t i g a t i o n  be conducted t o  de te rm ine  
comp l i ance  w i t h  P a r t  33. Eng inee r ing  programs f o r  s u b s t a n t i a t i n g  t h e  a c c e p t a b i l i t y  
o f  t h e s e  eng ines  shou ld  c o n s i d e r  t h e  f o l l o w i n g  i tems:  

( 1 )  The d e t o n a t i o n  marg in  o f  r e c i p r o c a t i n g  a i r p l a n e  eng ines  a t  v a r i o u s  
power s e t t i n g s  i s  r e l a t e d  p r i m a r i l y  t o  c a r b u r e t o r  o r  i n d u c t i o n  a i r  i n l e t  
t empera tu re  and pressure ,  eng ine  exhaust  back pressure ,  i g n i t i o n  t i m i n g ,  f u e l  
grade, f u e l  f l ow ,  c a r b u r e t o r  o r  i n j e c t o r  m e t e r i n g  c h a r a c t e r i s t i c s ,  compress ion  
r a t i o ,  and c o o l i n g .  Other f e a t u r e s ,  such as c y l i n d e r  combust ion  chamber design,  
i n d u c t i o n  system design,  and f u e l / a i r  d i s t r i b u t i o n ,  a r e  a l s o  i n v o l v e d  t o  a  l e s s e r  
degree. W i t h  t h e  e x c e p t i o n  o f  f u e l / a i r  d i s t r i b u t i o n ,  such f e a t u r e s  may n o t  be 
changed when a  t u r b o c h a r g e r  i s  i n s t a l l e d .  The a d d i t i o n  o f  t h e  t u r b o c h a r g e r  t o  an 
e n g i n e  n o t  s p e c i f i c a l l y  des igned f o r  i t  may a f f e c t  c a r b u r e t o r  i n l e t  and i n d u c t i o n  
a i r  t e m p e r a t u r e  t o  a p p r e c i a b l y  reduce t h e  d e t o n a t i o n  marg in .  I f  t h e  o r i g i n a l  
m a r g i n  i s  s m a l l ,  u n s a t i s f a c t o r y  d e t o n a t i o n  c h a r a c t e r i s t i c s  may r e s u l t .  
Tu rbocharg ing  i s  more e a s i l y  accompl ished on low compression r a t i o  eng ines  t h a n  on  
h i g h  compress ion  r a t i o  eng ines .  

( 2 )  I n d u c t i o n  a i r  t empera tu re  may become c r i t i c a l  a t  a l t i t u d e  because o f  
t h e  i nc reased  compression o f  a i r  r e q u i r e d .  The t u r b o c h a r g e r  speed w i l l  a l s o  
i n c r e a s e  w i t h  a l t i t u d e  because i ncreased t u r b i n e  wheel speed i k necessary t o  
ach ieve  t h e  r e q u i r e d  h i g h e r  p ressu re  r a t i o  t o  m a i n t a i n  m a n i f o l d  pressure .  I f  
d e t o n a t i o n  c h a r a c t e r i s t i c s  a r e  u n s a t i s f a c t o r y ,  it i s  p r o b a b l e  t h a t  changes o f  one 



o r  more o f  t h e  o t h e r  p r i m a r y  f a c t o r s  may be necessary  t o  r e s t o r e  d e t o n a t i o n  
marg ins .  The e f f e c t s  o f  t h e s e  changes s h o u l d  a l s o  be e v a l u a t e d  i n  o t h e r  r e l a t e d  
areas.  Changes o r  adverse a f f e c t s  such as compression r a t i o ,  i g n i t i o n  t i m i n g ,  and 
f u e l  m e t e r i n g  per formance and endurance may r e q u i r e  r e c e r t i f i c a t i o n  o f  t h e  engine.  

( 3 )  The match ing  o f  t h e  t u r b o c h a r g e r  and eng ine  thermodynamic 
c h a r a c t e r i s t i c s  i n t e r r e l a t e  so  many f a c t o r s  t h a t  p r e d i c t i o n  o f  t h e  power 
c h a r a c t e r  i s t E  o f  t h i s  comb ina t i on  does n o t  r e a d  i l y  lend i t s e l f  t o  t h e  
t h e o r e t i c a l  approach. I t  may be p o s s i b l e  t o  combine t e s t  d a t a  and a n a l y s i s  t o  
a r r i v e  a t  t h e  per formance and c o r r e c t i o n  f a c t o r s  f o r  t h e  combinat ion .  S imu la ted  
o r  a c t u a l  a l t i t u d e  t e s t i n g ,  as w e l l  as ground t e s t i n g ,  may be necessary  i n  t h i s  
approach. The a v a i l a b i l i t y  o f  t o r q u e  me te rs  f o r  s m a l l  r e c i p r o c a t i n g  eng ines  makes 
t h e  a c t u a l  a l t i t u d e  t e s t  approach p o s s i b l e .  T h i s  p e r m i t s  use o f  t h e  a i r p l a n e  as a 
t e s t  bed which may be d e s i r a b l e  t o  some o r i g i n a l  manu fac tu re rs  and m o d i f i e r s .  

( 4 )  Turbochargers  c u r r e n t l y  i n  use r e q u i r e  o i l  l u b r i c a t i o n  f rom an 
e x t e r n a l  source.  I f  p r e s s u r i z e d  e n g i n e  o i l  i s  u t i l i z e d ,  t h e  a d d i t i o n a l  o i l  
r e q u i r e d  may exceed t h e  c a p a c i t y  o f  t h e  eng ine  o i l  pump a t  h i g h  o i l  t empera tu res  
o r  when t h e  pump and b e a r i n g  c l e a r a n c e  approach s e r v i c e  l i m i t s .  The t u r b o c h a r g e r  
r e j e c t s  h e a t  t o  t h e  o i l  i n c r e a s i n g  t h e  load on e n g i n e  o i l  c o o l i n g  p r o v i s i o n s  and 
may exceed o i l  system c a p a c i t y ;  t h e r e f o r e ,  e v a l u a t i o n s  shou ld  be conducted under 
h o t  day c o n d i t i o n s  a t  t h e  most  seve re  o p e r a t i n g  l i m i t s .  I f  h o t  day c o n d i t i o n s  a r e  
n o t  a v a i l a b l e ,  t h e  observed tempera tu res  may be c o r r e c t e d  f o r  h o t  day c o n d i t i o n s .  

( 5 )  Some a i r  i s  n o r m a l l y  c o n t a i n e d  i n  t u r b o c h a r g e r  scavenge o i l .  I f  n o t  
removed by an o i l  sepa ra to r ,  t h i s  i nc reases  t h e  burden on t h e  eng ine  b r e a t h e r  
system. i f  scavenged by t h e  eng ine  scavenge system, it may o v e r l o a d  t h i s  system. 
These p o s s i b i l i t i e s  shou ld  be cons ide red .  

( 6 )  I f  i t  i s  n o t  p o s s i b l e  t o  l o c a t e  t h e  t w b o c h a r g e r  such t h a t  t h e  
t u r b o c h a r g e r  l u b r i c a t i n g  o i l  i s  scavenged by g r a v i t y  and/or t h e  eng ine  scaveng ing 
pump i s  inadequate  t o  hand le  t h i s  o i l ,  an a d d i t i o n a l  o r  i nc reased  c a p a c i t y  eng ine  
d r i v e n  scavenge pump may be necessary .  

( 7 )  I f  a  sepa ra te  t u r b o c h a r g e r  l u b r i c a t i n g  system i s  used, t h e  o i l  t a n k  
p r e s s u r e  and-scaveng ing pumps, o i l  l i n e s ,  and f i t t i n g s  shou ld  be e v a l u a t e d  f o r  a  
s a t i s f a c t o r y  system. 

( 8 )  Co ld  o i l  o p e r a t i o n a l  c h a r a c t e r i s t i c s  o f  a l l  t u r b o c h a r g e r  exhaust  
wastegate  and any o i l  ope ra ted  f l o w  c o n t r o l  d e v i c e s  shou ld  be c o n s i d e r e d  e a r l y  i n  
t h e  des ign  phase o f  t h e  o v e r a l  I  i n s t a l  l a t i o n .  

( 9 )  Pas t  i n v e s t i g a t i o n  and s u b s t a n t i a t i o n  o f  endurance and r e l i a b i l i t y  
c h a r a c t e r i s t i c s  o f  t h e  unsupercharged eng ine  may n o t  be c o m p l e t e l y  a p p l i c a b l e  
beca'use o f  changes t o  p a r t s ,  f u e l  f l o w  me te r i ng ,  o r  i g n i t i o n  s p e c i f i c a t i o n s  and 
r e v i s i o n s  t o  l i m i t a t i o n s  t o  ach ieve  necessary o r  d e s i r a b l e  d e t o n a t i o n  o r  power 
c h a r a c t e r i s t i c s .  Each change shou ld  be c o n s i d e r e d  i n  l i g h t  o f  p r e v i o u s  
s u b s t a n t i a t i o n ,  s e r v i c e  expe r ience  on t h e  eng ine  o r  s i m i l a r  engines,  and t h e  new 
o p e r a t i n g  c o n d i t i o n s  imposed. The a b i l i ; ~  o f  t h e  eng ine  and t u r b o c h a r g e r  t o  meet 
t h e  s tanda rds  e s t a b l i s h e d  by t e s t  under s u b p a r t  B o f  P a r t  33 s h o u l d  be 
demonstrated.  C m p l i a n c e  o f  o t h e r  components w i t h  t h e  s tanda rds  e s t a b l i s h e d  by 



§ §  33.49 and 33.53 s h o u l d  be s u b s t a n t i a t e d  by t e s t s ,  s e r v i c e  exper ience,  
e n g i n e e r i n g  a n a l y s i s ,  o r  comb ina t i ons  o f  t h e s e  methods. I d e n t i f i c a t i o n  o f  t h e  
t u r b o c h a r g e r  shou ld  be c o n t r o l l e d  by t o p  assembly p a r t  number and n o t  model number 
a lone.  

( 1 0 )  The e f f e c t  o f  h i g h e r  average horsepower o u t p u t  and c y c l e  o f  t h e  
tu rbocha rged  e n g i n e  makes any manu fac tu re r  recommended ove rhau l  p e r i o d s  e s t a b  I i s h e d  
f o r  n o n t ~ r b o c h a r ~ e d  o p e r a t i o n  inapp l i c a b  l e .  The new recommended ove rhau l  p e r i o d s  
s h o u l d  be r e e s t a b l i s h e d  a t  a  t i m e  i n t e r v a l  t o  p r o v i d e  an a c c e p t a b l e  r e l i a b i l i t y  
l e v e l .  

( 1 1 )  The p o s s i b l e  damage f rom t u r b i n e  o r  compressor wheel b u r s t  
n e c e s s i t a t e s  i n v e s t i g a t i o n  o f  t h e  i n t e g r i t y  o f  t h e s e  components o r  demons t ra t i on  o f  
t h e i r  con ta inmen t  w i t h i n  t h e i r  r e s p e c t i v e  hous ing  ( c a s e ) .  

( 1 2 )  Each eng ine  i n s t a l l a t i o n  s h o u l d  be i n v e s t i g a t e d  t o  e s t a b l i s h  
comp l i ance  w i t h  speed and t u r b i n e  i n l e t  t empera tu re  I l m i t s  o f  t h e  t u r b o c h a r g e r .  
A c t u a l  o r  s i m u l a t e d  a l t i t u d e  i n v e s t i g a t i o n s  may be necessary  t o  e s t a b l i s h  t h e  
c r i t i c a l  c o n d i t i o n s  f o r  ove r tempera tu re  and overspeed. Compressor p r e s s u r e  r a t i o ,  
a i r f l o w ,  and i n l e t  tempera ture ,  a r e  s i g n i f i c a n t  f a c t o r s  i n  d e t e r m i n i n g  t h e  
t u r b o c h a r g e r  speed. The maximum speed c a n n o t  adequa te l y  be e s t a b l i s h e d  by o n l y  
r e l a t i n g  t h e s e  v a r i a b l e s  t o  t h e  m a n u f a c t u r e r ' s  map f o r  a  s p e c i f i c  t u r b o c h a r g e r .  An 
example i s  t h e  s i g n i f i c a n t  change i n  t u r b o c h a r g e r  speed f o r  t h e  same m a n i f o l d  
p r e s s u r e  a t  v a r i o u s  e n g i n e  speeds which a f f e c t  a i r f l o w .  I t , i s ,  f o r  t h i s  reason,  
t h a t  t u r b o c h a r g e r  speed shou ld  be measured i n  t h e  a i r p l a n e  d u r i n g  f l i g h t  t e s t s ,  f o r  
each m a n i f o l d  p r e s s u r e  and eng ine  RPM s e t t i n g .  Above t h e  c r i t i c a l  a l t i t u d e ,  
a v a i l a b l e  m a n i f o l d  p r e s s u r e  drops  o f f  and t h e  m a n i f o l d  p r e s s u r e  vs. a l t i t u d e  i s  
u s u a l l y  s p e c i f i e d  i n  t h e  fo rm o f  a  l i m i t a t i o n  c u r v e  o r  c h a r t  t a b u l a t i o n .  Mi )c tu re  
f u e l - a i r  r a t i o  and i n l e t  t empera tu re  a r e  t h e  dominant  f a c t o r s  c o n t r o l l i n g  exhaus t  
gas tempera ture .  Measurement o f  exhaust  gas ( t u r b i n e  i n l e t )  t empera tu re  under 
s i m u l a t e d  o r  a c t u a l  h o t  day o p e r a t i o n  t o  c r i t i c a l  a l t i t u d e  w i l l  v e r i f y  maximum 
t u r b o c h a r g e r  i n l e t  tempera ture .  Proper  s e l e c t i o n  o f  t u r b o c h a r g e r  m a t e r i a l s  i s  
e s s e n t i a l  i n  e s t a b l i s h i n g  maximum p e r m i t t e d  o p e r a t i n g  tempera ture ,  p a r t i c u l a r l y  a t  
c r u i s e  RPM. 

( 1 3 )  I f  an i n t e r c o o l e r  i s  used, t h e  mount ing  p r o v i s i o n  on t h e  eng ine  shou ld  
be adequate t o  w i t h s t a n d  t h e  loads imposed on t h e  system. Also, any changes t o  t h e  
eng i  ne 'approved I i m i  t s  and o p e r a t i n g  procedures  sho" l  d  be e s t a b  l  i shed i n c i u d i  ng 
means t o  m o n i t o r  t h e  l i m i t s .  I n s t a l l a t i o n  o f  an i n t e r c o o l e r  i s  l i k e l y  t o  
s i g n i f i c a n t l y  a f f e c t  eng ine  horsepower o u t p u t  w i t h  t h e  same m a n i f o l d  p r e s s u r e  and 
RPM; t h e r e f o r e ,  an a c c u r a t e  method o f  l i m i t i n g  eng ine  horsepower i s  necessary.  

( 1 4 )  Each eng ine  i n s t a l l a t i o n  s h o u l d  be i n v e s t i g a t e d  t o  ensure  freedom f rom 
compressor su rge  a t  a l l  o p e r a t i n g  p o i n t s .  C o n s i d e r a t i o n  o f  low a i r f l o w  ( a t  low 
eng ine  RPM c r u i s e )  and h i g h e r  p ressu re  r a t i o  ( a l t i t u d e  and m a n i f o l d  p r e s s u r e )  
shou ld  p a r t i c u l a r l y  be i n v e s t i g a t e d .  

b. The a d d i t i o n  o f  a  t u rbocha rge r  t o  an eng ine  i n s t a l l a t i o n  may be expected t o  
have v a r i e d  e f f e c t s  on t h e  r e l i a b i l i t y  o f  t h e  i n s t a l l a t i o n .  The i n d u c t i o n  system 
w i l l  e x p e r i e n c e  h i g h e r  t empera tu res  due t o  t h e  h e a t  gene ra ted  i n  compressing 
i n d u c t i o n  a i r ,  and w i l l  e xpe r ience  p o s i t i v e  i n t e r n a l  p r e s s u r e  i n s t e a d  o f  s u c t i o n  by 
t h e  engine.  The exhaust  system w i l l  e x p e r i e n c e  h i g h e r  f l o w  r a t e s  o f  h o t  exhaus t  



gas, i n c r e a s i n g  t h e  tempera tu re  o f  t h e  meta l  i n  t h e  exhaust  duc ts ,  and i n c r e a s i n g  
i n t e r n a l  p ressu re .  These changes n e c e s s i t a t e  a  tho rough  i n v e s t i g a t i o n  be 
conducted t o  de te rm ine  compl iance w i t h  P a r t  23. E n g i n e e r i n g  programs f o r  
s u b s t a n t i a t i n g  t h e s e  i n s t a l l a t i o n s  shou ld  c o n s i d e r  t h e  f o l l o w i n g :  

( 1 )  The p r e s s u r i z a t i o n  o f  t h e  exhaust  system inc reases  t h e  impor tance o f  
d u r a b i l i t y  o f  t h e  exhaust  system components. F a i l u r e  o f  t h e  system r e s u l t s  i n  a  
r e d u c t i o n  o f  eng ine  performance and i nc reases  t h e  danger o f  f i r e  due t o  escap ing  
h o t  gases i n  t h e  1 5 0 0 ~  t o  1 6 8 0 ' ~  tempera tu re  range.  Occas iona l  l  y, exhaust  gas 
tempera tu re  extremes o f  1800 F  may be reached and c o u l d  se rve  as sources  o f  
i g n i t i o n  o f  f lammable f l u i d s  and damage t o  l i n e s ,  c o n t r o l s ,  and s t r u c t u r e .  
R a d i a n t  energy  f rom t h e  h o t  s u r f a c e s  may be s u f f i c i e n t  t o  damage o t h e r  components 
wh ich  may be i n  c l o s e  p r o x i m i t y .  Requirements f o r  p r o t e c t i o n  i n  t h i s  a r e a  a r e  
based on these  c o n s i d e r a t i o n s .  

( 2 )  The tu rbocha rged  e n g i n e ' s  a b i l i t y  t o  produce more horsepower a t  
a l t i t u d e  t o g e t h e r  w i t h  t h e  decreased d e n s i t y  o f  t h e  c o o l i n g  a i r  a t  a l t i t u d e  
r e s u l t s  i n  a  lower r a t i o  o f  c o o l i n g  a i r  t o  horsepower e f f e c t  a t  a l t i t u d e  t h a n  a t  
sea l e v e l .  A l t hough  some b e n e f i t  can be ga ined  f rom lower c o o l i n g  a i r  t e m p e r a t u r e  
a t  a l t i t u d e ,  i t  i s  overshadowed by decreased c o o l i n g  a i r  d e n s i t y ,  and h i g h e r  
a v a i l a b l e  power o u t p u t .  The re fo re ,  i n s t a l l a t i o n  c o o l i n g  c h a r a c t e r i s t i c s  do n o t  
g e n e r a l l y  f o l l o w  t h o s e  o f  sea l e v e l  eng ines  and may be more c r i t i c a l .  The 
i n s t a l l e r  may f i n d  i t  necessary t o  r e f i n e  o r  improve e x i s t i n g  i n s t a l l a t i o n s  t o  
ach ieve  s a t i s f a c t o r y  c o o l i n g .  C r i t i c a l  c o o l i n g  a l t i t u d e  may i n c r e a s e  and it i s  
p o s s i b l e  t h a t  c o o l i n g  may become c r i t i c a l  i n  c r u i s e  on t i g h t l y  cowled o r  c l e a n  
eng ine  i n s t a l l a t i o n s .  H igh  a l t i t u d e  " h o t  day" t a k e o f f s  may a l s o  be c r i t i c a l .  
I n s t a l l a t i o n  c o o l i n g  i n v e s t i g a t i o n s  shou ld  e x p l o r e  enough o f  t h e  f l i g h t  reg ime t o  
ensure  t h a t  t h e  eng ine  i s  adequa te l y  coo led  and meets t h e  eng ine  m a n u f a c t u r e r ' s  
requ i remen ts .  The i nc reased  power and h e a t  r e j e c t i o n  o f  t h e  tu rbocha rged  eng ine  
r e s u l t s  i n  g r e a t e r  f u e l  demands under c o n d i t i o n s  o f  lower ambient  p ressure .  The 
average s e a - l e v e l  eng ine  a l s o  o b t a i n s  some f u e l  c o o l  i n g  by v i r t u e  b f  t h e  
m a n u f a c t u r e r ' s  recommendations t o  o p e r a t e  f u l l  r i c h  above 75  p e r c e n t  power 
a l s o  necessary  t o  i n v e s t i g a t e  t h e  e f f e c t s  o f  a  f u e l  l e a n i n g  procedure  a t  a  
c r u i s e  powers. 

( 3 )  The f u e l  system vapor l o c k  c h a r a c t e r i s t i c s  may become more c r  
a t  a l t i t u d e  w i t h  h i g h  f u e l  tempera tures .  The freedom o f  t h e  a i r p l a n e  f u e l  
f rom vapor l ock  shou ld  be s u b s t a n t i a t e d .  

i t i c a l  
system 

( 4 )  I n s t a l l a t i o n  o f  a  f u e l  f lowmeter  i n  t h e  eng ine  s u p p l y  l i n e  c o u l d  
cause vapor f o r m a t i o n .  The i n s t a l l a t i o n  shou ld  be e v a l u a t e d  under h o t  weather 
c o n d i t i o n s .  

( 5 )  Turbocharg ing  t h e  i n t a k e  system o f  a  c a r b u r e t o r  system r e s u l t s  i n  a  
c o m b u s t i b l e  m i x t u r e  t h a t  i s  p r e s s u r i z e d  a t  e l e v a t e d  tempera tures .  T h i s  
c o m b u s t i b l e  m i x t u r e  shou ld  n o t  be a l l c w e d  t o  leak  

( 6 )  The use o f  a  diaphragm t y p e  f u e l  pump 
adequate t o  s u p p l y  f u e l  f l o w  t o  t h e  eng ine  under a l  
The re fo re ,  i t  may be necessary t o  add a  f u e l  b o o s t  
system so t h a t  vapor does n o t  deve lop  i n  t h e  f u e l  I 
c o n d i t i o n s .  

n t o  t h e  eng ine  compartment. 

has n o t  been found t o  be 
I o p e r a t i n g  c o n d i t i o n s .  
pump and/or  change t h e  pumping 
i nes  d u r i n g  normal o p e r a t i n g  



( 7 )  The o p e r a t i n g  c h a r a c t e r i s t i c s  o f  t h e  eng ine  
and t h e  r e s t a r t  c h a r a c t e r i s t i c s  shou ld  be eva lua ted .  

2/3/86 

may be adve rse l y  a f f e c t e d  

( 8 )  I f  an i n t e r c o o l s r  i s  i n s t a l l e d :  

( i )  The moun t ing  p r o v i s i o n s  o f  t h e  c o o l e r  shou ld  be adequate t o  
w i t h s t a n d  t h e  loads imposed on t h e  system. 

( i i )  A i r  f l o w  th rough  t h e  c o o l e r  shou ld  n o t  d i scha rge  d i r e c t l y  on t h e  
a i r p l a n e  w i n d s h i e l d  which c o u l d  exceed t h e  w i n d s h i e l d  t empera tu re  l i m i t  o r  cause 
any o t h e r  f a i l u r e .  

( i i i )  Any changes t o  eng ine  power, c o o l i n g  c h a r a c t e r i s t i c s ,  o p e r a t i n g  
l i m i t s ,  and procedures  shou ld  be eva lua ted .  

( i v )  C o o l i n g  a i r  d u c t i n g  shou ld  meet f i r e p r o o f  s tanda rds  i f  a  d u c t  o r  
shroud bypasses t h e  c o w l i n g  o r  f i r e w a l l .  

( 9 )  Since  t h e r e  i s  a  change i n  t h e  eng ine  power t o  a l t i t u d e  r e l a t i o n s h i p ,  
and a l s o  i n  t h e  case o f  p r o v i d i n g  an i nc reased  power r a t i n g ,  t h e  p r o p e l l e r / e n g i n e  
dynamics shou ld  be e v a l u a t e d  t o  de termine i f  p r o p e l l e r  r e c e r t i f i c a t i o n  i s  
necessary .  

ACCEPTABLE MEANS OF COMPLIANCE. 

a. The eng ine  shou ld  be approved as p a r t  o f  t h e  Eng ine Type C e r t i f i c a t e  o r  a 
Supplemental  Type C e r t i f i c a t e ;  however, compl iance w i t h  5 23.909(a) w i l l  a l l o w  
app rova l  o f  t h e  t u r b o c h a r g e r  system as p a r t  o f  t h e  a i r p l a n e .  Approva ls  o f  eng ine  
and i n s t a l l a t i o n  may be accompl ished s i m u l t a n e o u s l y .  AC 33-2A c o n t a i n s  i n f o r m a t i o n  
f o r  o b t a i n i n g  t y p e  c e r t i f i c a t i o n  o f  eng ines .  The f o l l o w i n g  i tems shou ld  be 
c o n s i d e r e d  d u r i n g  t h e  eng ine  app rova l :  

( 1 )  The eng ine  m o d i f i e r  shou ld  p r o v i d e  o r  make a v a i l a b l e  such i n s t r u c t i o n s  
o r  manuals as a r e  necessary f o r  t h e  i n s t a l l a t i o n ,  o p e r a t i o n ,  s e r v i c i n g ,  
maintenance,  r e p a i r  i n c l u d i n g  we ld ing  l i m i t a t i o n s ,  r o t o r  dynamic b a l a n c i n g  and 
ove rhau l  o f  t h e  t u r b o c h a r g e r  and r e l a t e d  i n s t a l l a t i o n  p a r t s ,  as r e q u i r e d  by 5 5  33.4 
and 33.5. A p p l i c a b l e  manuals prepared by t h e  manu fac tu re r  o f  t u r b o c h a r g e r s  o r  
o t h e r  components may be u t i l i z e d .  Supplements t o  e x i s t i n g  eng ine  o r  a i r p l a n e  
m a n u f a c t u r e r ' s  i n s t r u c t i o n s  shou ld  be p r o v i d e d  i f  t hese  i n s t r u c t i o n s  a r e  made 
inadequate  o r  i n a p p r o p r i a t e  by t h e  i n s t a l l a t i o n  o f  t h e  t u r b o c h a r g e r .  S p e c i f i c  
a t t e n t i o n  i s  t o  be g i v e n  t o  t h e  p o s s i b i l i t y  o f  component l i f e  l i m i t a t i o n s  f o r  b o t h  
t h e  eng ine  and t u r b o c h a r g e r .  

( 2 )  Any e x t e r n a l  l i n e s  o r  f i t t i n g s  c a r r y i n g  f lammable f l u i d  added as p a r t  
o f  t h e  t u r b o c h a r g e r  shou ld  be f i r e  r e s i s t a n t  as r e q u i r e d  by 5 33.17. 

( 3 )  The a b i l i t y  o f  t h e  t u r b o c h a r g e r  compressor and r o t o r  case t o  c o n t a i n  
damage r e s u l t i n g  f rom r o t o r  b l a d e  f a i l u r e  s h o u l d  be e s t a b l i s h e d ,  as r e q u i r e d  by 
5 5  33.19 and 33.27. Otherwise ,  s h i e l d i n g  t o  c o n t a i n  escap ing  f ragments shou ld  be 



prov ided .  Use o f  a  compressor map t o  s u b s t a n t i a t e  normal o p e r a t i o n  w i t h i n  
a l l o w a b l e  r o t o r  speed l i m i t s  i s  a c c e p t a b l e  f o r  i n i t i a l  t h e o r e t i c a l  des ign  p o i n t ;  
n e v e r t h e l e s s ,  it shou ld  be v e r i f i e d  i n  t h e  a c t u a l  a i r c r a f t  i n s t a l l a t i o n  d u r i n g  
f l i g h t  t e s t .  

( 4 )  The e f f e c t  o f  t h e  i n s t a l l a t i o n  o f  t h e  t u r b o c h a r g e r  on t h e  i c e  
a c c r e t i o n  c h a r a c t e r i s t i c s  o f  t h e  i n d u c t i o n  system shou ld  be e s t a b l i s h e d  as 
r e q u i r e d  by 5 33.35(b) .  The r e l a t i o n s h i p  between t h e  l o c a t i o n  o f  t h e  t u r b o c h a r g e r  
and p o i n t  o f  f u e l  a d d i t i o n  t o  t h e  i n d u c t i o n  a i r  shou ld  be cons idered.  Temperature 
r i s e  due t o  supercharger  compression and c o n d u c t i o n  w i t h i n  t h e  passage may be 
cons ide red  i n  e s t a b l i s h i n g  i n d u c t i o n  a i r  h e a t  requ i remen ts .  When t h e  f u e l  i s  
added i n  t h e  c a r b u r e t o r ,  a  c o m b u s t i b l e  f u e l / a i r  m i x t u r e  under p r e s s u r e  and h i g h  
tempera tu re  i s  a v a i l a b l e  and r e q u i r e s  s p e c i a l  p r e c a u t i o n s .  

(5) Adequacy o f  t h e  i n d u c t i o n  system t o  w i t h s t a n d  p r e s s u r e  d i f f e r e n t i a l s ,  
b o t h  p o s i t i v e  and nega t i ve ,  and tempera tu re  imposed by t h e  t u r b o c h a r g e r  under t h e  
most  c r i t i c a l  c o n d i t i o n  shou ld  be e s t a b l i s h e d .  P r o v i s i o n s  t o  p r e v e n t  d r a i n s  f rom 
d i s c h a r g i n g  hazardous q u a n t i t i e s  o f  f u e l  o r  f u e l  a i r  m i x t u r e  d u r i n g  e n g i n e  
o p e r a t i o n  s h o u l d  be p r o v i d e d  ( r e f e r e n c e  8 33.35). However, i n d u c t i o n  system 
d r a i n s  a r e  necessary  t o  p r e v e n t  f u e l  accumu la t i ng  i n  t h e  i n d u c t i o n  system and 
c a u s i n g  h y d r a u l i c  l o c k  o f  t h e  engine.  I f  a  f i l t e r  i s  i n s t a l l e d  i n  t h e  i n d u c t i o n  
system, an a l t e r n a t e  a i r  source  i s  r e q u i r e d .  Combust ib le  m i x t u r e s  i n  t h e  
i n d u c t i o n  system may produce f i r e  i n  t h e  i n d u c t i o n  system due t o  b a c k f i r e .  

(6) Turbocharger  o i l  i n l e t  and o u t l e t  t empera tu re  and p r e s s u r e  l i m i t s  
necessary  f o r  s a t i s f a c t o r y  o p e r a t i o n  o f  t h e  t u r b o c h a r g e r  shou ld  be e s t a b l i s h e d  
( r e f e r e n c e  5 33.30). I f  l u b r i c a t e d  by t h e  e n g i n e  o i l  system, t h e  c a p a c i t y  o f  t h e  
eng ine  p r e s s u r e  and scavenge o i l  system shou ld  be adequate t o  l u b r i c a t e  and 
scavenge t h e  eng ine  and t u r b o c h a r g e r  under t h e  most  adverse  c o n d i t i o n s  o f  o i l  
t empera tu re  and b e a r i n g  c lea rances .  The a b i l i t y  o f  t h e  eng ine  b r e a t h e r  system t o  
hand le  any a i r  e n t r a i n e d  i n  t h e  t u r b o c h a r g e r  scavenge o i l  w i t h o u t  l o s s  o f  eng ine  
o i l  o r  excess i ve  p r e s s u r e  i n  t h e  c rankcase shou ld  be e s t a b l i s h e d .  The o i l  
consumpt ion o f  t h i s  eng ine  and t u r b o c h a r g e r  c o m b i n a t i o n  under t h e  most adverse  
c o n d i t i o n s  s h o u l d  be e s t a b l i s h e d .  Also,  i t may be necessary t o  de te rm ine  t h a t  o i l  
d i s c h a r g e  tempera tu re  and p r e s s u r e  a r e  w i t h i n  a c c e p t a b l e  l i m i t s .  Accep tab le  
f u e l / o i l  r a t i o  shou ld  be checked t o  de te rm ine  compl iance w i t h  5 23.1011(b), as 
o u t l i n e d  i n  AC 23.1011-1. A t u r b o c h a r g e r  f a i l u r e  mode a n a l y s i s  shou ld  be made t o  
a s c e r t a i n  t h a t  no eng ine o i l  l o s s  and/or  c o n s e q u e n t i a l  f a i l u r e  may be probab le .  

( 7 )  A t u r b o c h a r g e r  t h a t  p r e s s u r i z e s  an a i r p l a n e  c a b i n  shou ld  be 
i n v e s t i g a t e d  t o  s u b s t a n t i a t e  t h a t  c o n t a m i n a t i o n  o f  c a b i n  a i r  w i l l  n o t  occur .  Any 
c o n t a m i n a t i o n  o f  c a b i n  a i r  f rom a  f a i  l u r e  o f  any component(s)  o f  t h e  turbocharge; 
system shou ld  be avoided.  

( 8 )  I f  s e l f  con ta ined ,  t h e  c a p a c i t y  o f  t h e  o i l  system shou ld  be adequate 
t o  p r o v i d e  l u b r i c a t i o n  a t  t h e  most  adverse  c o n d i t i o n s  o f  o i  l t e m p e r a t u r e  and 
t u r b o c h a r g e r  bear  i ng c  learance.  Vent i ng o f  t h e  o i  l system shou I  d  n o t  p e r m i t  
e x c e s s i v e  l o s s  o f  o i l .  The o i l  consumpt ion o f  t h e  t u r b o c h a r g e r  s h o u l d  be  
e s t a b l i s h e d  under t h e  most adverse  c o n d i t i o n s .  An a c c e p t a b l e  f u e l / o i l  r a t i o  
shou ld  be determined as r e q u i r e d  by  paragraph ( 6 )  above. 



( 9 )  Temperature l i m i t s  s h o u l d  be s p e c i f i e d  on any components r e q u i r i n g  
s p e c i a l  c o o l i n g  as r e q u i r e d  by 5 33.21. 

( 1 0 )  Turbocharger  and eng ine  moun t i ng  p r o v i s i o n s  shou ld  have s u f f i c i e n t  
s t r e n g t h  t o  w i t h s t a n d  loads a r i s i n g  f rom t h e  l o a d i n g  c o n d i t i o n s  p r e s c r i b e d  i n  

( 1 1 )  B a s i c  s e r v i c e  l i f e  l i m i t s  on t h e  t u r b o c h a r g e r  r o t o r  shou ld  c o n s i d e r  
t h e  e f f e c t s  o f  low c y c l e  f a t i g u e  on r o t o r  i n t e g r i t y  and d u r a b i l i t y .  A  r o t o r  
w i t h o u t  p r e v i o u s  s e r v i c e  h i s t o r y  shou l  d  be s u b j e c t e d  t o  a  1000 c y c l e  s t a r t - s t o p  
t e s t  under t h e  most  severe  extremes o f  o p e r a t i o n  t o  p r o v i d e  a  b a s i s  f o r  
e s t a b l i s h i n g  t h e  i n i t i a l  s e r v i c e  l i f e .  

( 1 2 )  Turbocharger  c o n t r o l  d e v i c e s  shou ld  be des igned such t h a t  any f a i l u r e  
does n o t  r e s u l t  i n  eng ine  o r  t u r b o c h a r g e r  l i m i t s  b e i n g  exceeded. I t  i s  recommended 
t h a t  a  p r e s s u r e  r e l i e f  v a l v e  be p r o v i d e d  as a  s a f e t y  dev ice ,  as necessary,  w i t h i n  
t h e  i n d u c t i o n  system t o  p r e v e n t  o v e r b o o s t i n g  o f  t h e  eng ine.  

( 1 3 )  C a l i b r a t i o n  t e s t s  and i n v e s t i g a t i o n s  s h o u l d  be conducted t o  e s t a b l i s h  
t h e  sea l e v e l  and a l t i t u d e  power c h a r a c t e r i s t i c s  o f  t h e  eng ine  and t u r b o c h a r g e r  
c o m b i n a t i o n  when o p e r a t e d  i n  accordance w i t h  t h e  i n s t a l l e r ' s  i n s t r u c t i o n s  and 
proposed l i m i t a t i o n s  f o r  t h e  comb ina t i on ,  as r e q u i r e d  by 5 5  33.45, 33.47, 33.49, 
33.51, and 33.53 i n  c o n j u n c t i o n  w i t h  des ign  a n a l y s i s .  C r i t i c a l  o p e r a t i n g  
c o n d i t i o n s  and l i m i t a t i o n s  f o r  t h e  power s e c t i o n  and t u r b o c h a r g e r  shou ld  be 
e s t a b l i s h e d  on t h e  b a s i s  o f  t h e s e  t e s t s .  The necessary  i n s t r u m e n t a t i o n  t o  m o n i t o r  
t h e s e  c o n d i t i o n s  and l i m i t a t i o n s  shou ld  be determined and s p e c i f i e d  as p a r t  o f  t h e  
a i r p l a n e  equipment l i s t .  

( 1 4 )  T e s t i n g  as necessa ry  shou ld  be conducted t o  e s t a b l i s h  t h a t  t h e  e n g i n e  
o p e r a t e s  t h r o u g h o u t  i t s  a n t i c i p a t e d  o p e r a t i n g  range w i t h o u t  s i g n i f i c a n t  change i n  
t h e  b a s i c  eng ine  d e t o n a t i o n  marg in  on t h e  minimum grade f u e l  and f u e l  f l o w .  Also,  
t h e  l i m i t a t i o n s  s p e c i f i e d  i n  t h e  i n s t a l l e r ' s  i n s t r u c t i o n s  and as r e q u i r e d ,  by 
3 33.47 s h o u l d  be cons ide red .  

( 1 5 )  To determine t h a t  d e t o n a t i o n  l i m i t s  e s t a b l i s h e d  f o r  t h e  eng ine  a r e  n o t  
exceeded i n  f l i g h t ,  i t  i s  recommended t h a t  d e t o n a t i o n  t e s t s  be e v a l u a t e d  i n  f l i g h t  
a t  v a r i o u s  power, tempera ture ,  and f u e l  f l o w  l  i m i t s  t o  e s t a b  l  i s h  t h e  minimum f u e l  
f l o w  r e q u i r e d  f o r  p rope r  o p e r a t i o n .  Temperature m o n i t o r i n g  shou ld  i n c l u d e  
i n d u c t i o n  a i r ,  c y l i n d e r  head, and exhaust  gas. 

( 1 6 )  Endurance t e s t s  o r  i n v e s t i g a t i o n s  shou ld  be conducted as necessary  t o  
meet t h e  r e l i a b i l i t y  s tanda rds  e s t a b l i s h e d  by t h e  150-hour endurance t e s t  under 
3 33.49, f o r  t h e  eng ine t u r b o c h a r g e r  c o m b i n a t i o n  i n c l u d i n g  a l l  e s s e n t i a l  components 
when o p e r a t e d  i n  accordance w i t h  e x i s t i n g  o r  proposed l i m i t a t i o n s  and i n s t r u c t i o n s .  
S e r v i c e  l i f e  o f  t h e  components o f  t h e  p r o p u l s i o n  system shou ld  be e s t a b l i s h e d  on 
t h e  b a s i s  o f  t h e  r e s u l t s  o b t a i n e d  as r e q u i r e d  by 5 33.7. 

( 1 7 )  Any component o f  t h e  eng ine  and t u r b o c h a r g e r  i n s t a l l a t i o n  n o t  
s u b s t a n t i a t e d  as capab le  o f  o p e r a t i n g  i n  a l l  n o r m a l l y  a n t i c i p a t e d  f l i g h t  and 
a tmospher ic  c o n d i t i o n s  by  endurance t e s t i n g  shou ld  be s u b j e c t e d  t o  such a d d i t i o n a l  
t e s t s  o r  i n v e s t i g a t i o n s  as necessary t o  s u b s t a n t i a t e  t h i s  c a p a b i l i t y  as r e q u i r e d  by 
3 33.53. 



( 1 8 )  For those a i r p l anes  r e q u i r i n g  compliance w i t h  t h e  performance 
requi rements  o f  § 23.45, amendment 23-21, t h e  ac tua l  cat  i b ra ted  power ava i  l a b l e  a t  
a l l  a l t i t u d e s  should be es tab l i shed .  

f o l  low 

be eva 

( 1 9 )  I f  an i n t e r c o o l e r  i s  i n s t a l l e d  as p a r t  o f  t h e  engine approval ,  t h e  
ing a d d i t i o n a l  cons idera t ions  should be eva luated:  

( i )  The s t r e n g t h  o f  t h e  i n t e r c o o l e r  and mounting p r o v i s i o n s  should 
luated as r equ i r ed  by 5 33.23. 

( i i )  The e f f e c t s  t h e  i n t e r c o o l e r  has on t he  engine approved l i m i t s ,  
Any a d d i t i o n a l  i ns t rumenta t ion  r e q u i r e d  should be s p e c i f i e d  so t h e  engine does n o t  
exceed approved l i m i t s .  

( i i i )  With an engine conforming t o  t ype  design data, determine t h a t  
t h e  approved power i s  no t  exceeded a t  any a l t i t u d e s .  E s t a b l i s h  man i f o l d  pressure, 
RPM, etc., l i m i t s  t o  ensure ope ra t i on  w i t h i n  approved power l i m i t s .  

( i v )  To determine i f  p r o p e l l e r  b lade  and c ranksha f t  and p ropsha f t  
s t resses  a re  w i t h i n  acceptable l i m i t s .  

( v )  Any duc t i ng  which bypasses t h e  f i r e w a l l  and/or cow l ing  should 
conform t o  f i r e p r o o f  requirements.  

b. The i n s t a l l a t i o n  o f  a  turbocharged engine should be approved as p a r t  o f  
t h e  a i r p l a n e  t ype  c e r t i f i c a t e  o r  supplemental t y p e  c e r t i f i c a t e  and should cons ider  
t h e  f o l l o w i n g  i tems: 

( 1 )  The design o f  turbocharger  mounts and t h e i r  suppor t ing  s t r u c t u r e  
should w i ths tand  a l l  v i b r a t i o n  and i n e r t i a  loads t o  which they  a re  sub jected i n  
ope ra t i on  as r equ i r ed  by § 23.307. The s t r e n g t h  o f  t h e  m a t e r i a l s  used should 
cons ider  t he  e f f e c t  o f  t he  maximum temperatures t o  which they a re  sub jected under 
t h e  most adverse cond i t i ons  by t he  turbocharger  i n s t a l l a t i o n .  The t h r e e  a x i s  
v i b r a t o r y  e x c i t a t i o n  l i m i t s  o f  t he  turbocharger  mounting should be considered on 
t h e  ground and i n - f l i g h t .  

( 2 )  The f ue l  system should  be f r e e  from vapor lock a t  t h e  increased 
engine f u e l  demands throughout t h e  f l i g h t  envelope as r equ i r ed  by 5 23.961. 
Engine i n - f l i g h t  r e s t a r t  procedures should be eva luated and demonstrated. 

( 3 )  The powerplant c o o l i n g  p rov i s i ons  should be capable o f  ma in ta i n i ng  
t h e  temperatures o f  a l l  powerplant components, engine par ts ,  turbocharger  p a r t s  
and f l u i d s  a t  o r  below t he  maximum es tab l i shed  sa fe  values under a l l  ground and 
f l i g h t  ope ra t i ng  cond i t i ons  as r equ i r ed  by § §  23.1043 and 23.1047. 

( 4 )  The induc t ion  system should meet t h e  requirements o f  § 23.1091 and 
i nco rpo ra te  means t o  prevent  and e l i m i n a t e  i c e  accumulations w i t h i n  t h e  engine and 
turbocharger  i nduc t i on  system as r e q u i r e d  by S 23.1093. The heat  r i s e  

- 

requirements o f  5 23.1093(c) should be evaluated. Serv ice exper ience i nd i ca tes  
t h a t  abnormal ly h i gh  i nduc t i on  a i r  temperature adverse ly  a f f e c t s  t h e  engine 's  



o v e r h a u l  l i f e .  I n d u c t i o n  system d r a i n s  may be necessary t o  c a r r y  any accumulated 
f u e l  and water  overboard .  A l t e r n a t e  a i r  i s  r e q u i r e d  t o  a l l o w  f o r  t h e  p o s s i b i l i t y  
o f  f i l t e r  b lockage.  Magne t i c  l a t c h e s  i n  t h e  d u c t  system a r e  t o  be avoided; 
manua l l y  o p e r a t e d  c o n t r o l  o f  t h e  a l t e r n a t e  a i r  system i s  p r e f e r r e d .  The source  o f  
a l t e r n a t e  a i r  shou ld  be i n  a  s h e l t e r e d  l o c a t i o n ;  however, i f  t h e  a i r  source  i s  t o  
be used f o r  c a b i n  p r e s s u r i z a t i o n ,  t h e  l o c a t i o n  cannot  p i c k  up contaminated a i r .  

( 5 )  A l l  p o r t i o n s  o f  t h e  eng ine  exhaus t  system and t u r b o c h a r g e r  shou ld  be 
i s o l a t e d  f rom l i n e s  o r  components c a r r y i n g  f lammable f l u i d s ,  t h e  accessory  s e c t i o n ,  
and p r i m a r y  s t r u c t u r e  by s u i t a b l e  f i r e w a l l s ,  shrouds, o r  by an adequate d i s t a n c e  o f  
s e p a r a t i o n  as r e q u i r e d  by 5 23.1121. Where r e q u i r e d ,  adequate c o o l i n g  a i r  shou ld  
be p r o v i d e d  so  t h a t  t h e r e  i s  no adverse change i n  s e r v i c e  l i f e  o r  f a i l u r e  r a t e  o f  
a d j a c e n t  components. 

( 6 )  The exhaust  system and i t s  s u p p o r t s  shou ld  be capab le  o f  w i t h s t a n d i n g  
a l l  v i b r a t i o n  and i n e r t i a  loads  a t  t h e  h i g h e r  t empera tu re  and p ressu res  t h e y  a r e  
s u b j e c t e d  by t h e  t u r b o c h a r g e r  i n s t a l l a t i o n  as r e q u i r e d  by § 23.1123. P r o v i s i o n s  
f o r  expans ion  and f l e x i b i l i t y  shou ld  be p r o v i d e d  between t h e  exhaust  c o n d u i t s  and 
t h e  t u r b o c h a r g e r .  F l e x i b l e  j o i n t s  i n  t h e  exhaus t  system shou ld  n o t  p e r m i t  t h e  
leakage o f  hazardous q u a n t i t i e s  o f  exhaust  gases, o r  t h e  impingement o f  h o t  exhaus t  
gases on l i n e s  c a r r y i n g  f lammable f l u i d s  o r  on p r i m a r y  s t r u c t u r e .  Tes ts  o r  
i n v e s t i g a t i o n s  as necessary  shou ld  be conducted t o  s u b s t a n t i a t e  t h e  exhaust  system 
meets t h e  s t a n d a r d s  o f  a i r w o r t h i n e s s  e s t a b l i s h e d  by t h e  b a s i c  eng ine  150-hour 
endurance t e s t  as r e q u i r e d  by  5 33.49. The r e s u l t s  shou ld  a l s o  be i n t e g r a t e d  i n t o  
t h e  d e t e r m i n a t i o n  o f  i n s p e c t i o n  and ove rhau l  t i m e  p e r i o d s .  

( 7 )  Necessary i n s t r u m e n t a t i o n  shou ld  be p r o v i d e d  t o  e s t a b l i s h  eng ine  o r  
t u r b o c h a r g e r  l i m i t s  such as m a n i f o l d  pressure ,  i n d u c t i o n / c a r b u r e t o r  i n l e t  
tempera ture ,  t u r b o c h a r g e r  o i l  p ressure ,  t empera tu re  and exhaust  gas pressure ,  and 
m a t e r i a l  t e m p e r a t u r e  a r e  n o t  exceeded. E s t a b l i s h  w i t h  t e s t  equipment t h a t  
t u r b o c h a r g e r  maximum speed w i l l  n o t  be exceeded d u r i n g  a l l  i n tended  o p e r a t i n g  
c o n d i t i o n s .  

( 8 )  S ince  a d d i t i o n a l  m o i s t u r e  may be i n t r o d u c e d  i n t o  t h e  eng ine  c rankcase,  
i t  i s  i m p o r t a n t  t h a t  e x t r a  p r o t e c t i o n  o f  t h e  eng ine  c rankcase b r e a t h e r  be p r o v i d e d  
t o  p r e v e n t  b lockage  by i c e .  

( 9 )  The A i r p l a n e  F l i g h t  Manual (AFM) and a p p l i c a b l e  p l a c a r d s  shou ld  be 
r e v i s e d  t o  d e f i n e  a l l  o p e r a t i n g  l i m i t a t i o n s  o r  i n s t r u c t i o n s .  

( 1 0 )  I f  per formance i n f o r m a t i o n  i s  r e q u i r e d  - per § 23.45, amendment 
23-21, t h e  a c t u a l  eng ine  power a t  a l t i t u d e  shou ld  be determined.  

( 1 1 )  I f  t u r b o c h a r g e r  i s  used t o  p r e s s u r i z e  t h e  cab in ,  c o n t a m i n a t i o n  o f  t h e  
c a b i n  s h o u l d  be eva lua ted .  

( 1 2 )  I f  an i n t e r c o o l e r  i s  i n s t a l l e d ,  t h e  f o l l o w i n g  a d d i t i o n a l  
c o n s i d e r a t i o n s  shou ld  be e v a l u a t e d :  

( i )  The s t r e n g t h  o f  t h e  i n t e r c o o  
e v a l u a t e d  as r e q u i r e d  by 5 S  23.307 and 23.361. 
l i n e s  s h o u l d  a l s o  be cons ide red .  

l e r  and mount 
V i b r a t i o n  o  

i ng prov  i s  i ons  
f  t h e  i n t e r c o o  

shou ld  be 
l e r  and 



( i i )  To ensure p rope r  ( o r i g i n a l )  e f f i c i e n c y  o f  t h e  u n i t ,  t h e  
i n t e r c o o l e r  shou ld  n o t  be p a i n t e d .  

( i i i )  A shake t e s t  shou ld  be conducted on t h e  i n t e r c o o l e r  so  t h a t  
f a i  l e d  i n t e r n a  l  c o o l  i ng f  i n s  may n o t  be detached and i nges ted  by t h e  eng ine.  

( i v )  Engine c o o l i n g  t e s t s  shou ld  be r e e v a l u a t e d  w i t h  t h e  i n t e r c o o l e r  
i n s t a l l a t i o n ,  as r e q u i r e d  by § §  23.1043 and 23.1047. 

( v )  Any a d d i t i o n a l  i n s t r u m e n t a t i o n  r e q u i r e d  f o r  t h e  i n t e r c o o l e r  
shou ld  be p r o v i d e d  t o  ensure t h a t  t h e  eng ine  r a t i n g s  a r e  n o t  exceeded ( see  
paragraph 5a( 1 3 ) .  

( v i )  Any c o w l i n g  o r  a i r f r a m e  p r o t r u s i o n s  l o c a t e d  i n  f r o n t  o f  t h e  
f i r e w a l l  shou ld  be c o n s t r u c t e d  f rom f i r e  r e s i s t a n t  m a t e r i a l  e x c e p t  i f  t h e s e  
p r o t r u s i o n s  fo rm a  p a r t  o f  t h e  f i r e w a l l ,  t h e y  shou ld  be c o n s t r u c t e d  f rom f i r o p r o o f  
m a t e r i a l .  A i r  e x i t  duc ts  shou ld  n o t  p e r m i t  impingement.of  gases on t h e  w i n d s h i e l d  
i n  t h e  e v e n t  o f  an eng ine  compartment f i r e .  

( v i i )  Maintenance procedures  shou ld  c o n t a i n  a  c a u t i o n  t o  s h i e l d  
t h e  i n t e r c o o l e r  d u r i n g  p a i n t i n g  t o  p r e v e n t  p a i n t  accumula t ion  r e s t r i c t i n g  o r  
l i m i t i n g  c o o l i n g  a i r  f l o w .  

( 1 3 )  The p r o p e l l e r - e n g i n e - a i r p l a n e  v i b r a t i o n  and eng ine  c r a n k s h a f t  t o r s i o n  
c h a r a c t e r i s t i c s  s h o u l d  be r e e v a l u a t e d  a t  a l t i t u d e  t o  p r o v i d e  c o n t i n u e d  compl iance 
w i t h  5 23.907. 

( 1 4 )  I f  a  c a b i n  h e a t e r  system i s  used i n  c o n j u n c t i o n  w i t h  t h e  eng ine  
t u r b o c h a r g e r  system, t h e n  w i n d s h i e l d  de fogg ing  c a p a b i l i t y  shou ld  be demonstrated. 
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